Abstract: two new species of Rhinebothrium (cestoda, rhinebothriidea) from potamotrygonid stingrays in the Neotropical region are herein described, which raises the total number of Rhinebothrium species known from Neotropical freshwaters to five. Rhinebothrium corbatai sp. n., and Rhinebothrium mistyae sp. n. were both collected from Potamotrygon motoro (Müller et Henle), captured in four tributaries of the Paraná River in Santa Fé Province, Argentina. The new species can be distinguished from their congeners, and from each other, by a combination of various features, including worm size (length and number of proglottids), number of loculi per bothridium, microthrix pattern, size of the cirrus sac, and the extent of the vas deferens. the discovery of these new species from P. motoro supports the pattern of high host specificity in this cestode genus, and reinforces the notion that some of the previous records of the enigmatic R. paratrygoni may correspond to new species of Rhinebothrium yet to be described.
rhinebothriidean cestodes in the genus Rhinebothrium linton, 1890 are cosmopolitan parasites that inhabit both, marine and freshwater environments (Healy 2006 , Healy et al. 2009 ). Among the 41 valid species of Rhinebothrium only 6 have been reported from freshwater hosts, 3 of which (Rhinebothrium paratrygoni rego et Dias, 1976 , Rhinebothrium copianullum reyda, 2008 , and Rhinebothrium paranaense Menoret et ivanov, 2009 ) are endemic to the Neotropical region, as are their hosts, the potamotrygonid stingrays (Healy 2006 , reyda 2008 , Menoret and ivanov 2009 .
some freshwater Neotropical species of Rhinebothrium seem to be highly host specific, such as R. paranaense and R. copianullum, which are restricted to a single host species and a single river basin (reyda 2008, Menoret and ivanov 2009) . in contrast, published records of R. paratrygoni suggest that it is a generalist species, having been reported from 9 host species in several different river basins of south America (rego and Dias 1976 , Brooks et al. 1981 , Brooks and Amato 1992 , Marques 2000 . these records of R. paratrygoni have been considered dubious by reyda (2008) and Menoret and ivanov (2009) , since the identity of those specimens remains to be confirmed. Recent collections of cestodes from stingrays in the lower Paraná river, led to the discovery of two new species of Rhinebothrium, described herein, from the south American freshwater stingray Potamotrygon motoro (Müller et Henle).
MATERIALS AND METHODS
A total of 37 specimens of Potamotrygon motoro were caught in 1999−2005 in the Paraná River basin in rivers Colastiné (31°40′S, 60°46′W), Coronda (31°50′S, 60°49′W), Alto Verde (31°39′S, 60°40′W), and Setúbal Lagoon (31°32′S, 60°36′W) in Santa Fé Province, Argentina. Cestodes of the genus Rhinebothrium were recovered from the spiral intestine of 14 stingrays.
The worms were fixed in 10% formalin and transferred to 70% ethanol. Specimens and detached gravid proglottids prepared for light microscopy were hydrated in a graded ethanol series, stained with Harris' haematoxylin, dehydrated in a graded ethanol series, cleared in methyl salicylate, and mounted in canada balsam. specimens prepared for scanning electron microscopy (sEM) were hydrated in a graded ethanol series, postfixed in 1% osmium tetroxide overnight at room temperature, dehydrated in a graded ethanol series, and dried using hexamethyldisilazane. specimens were mounted on stubs with carbon tape, coated with ~40 nm of gold/palladium in a thermo Vg Scientific Polaron SC 7630 and examined with a Philips XL 30 scanning electron microscope. terminology for the morphology of microtriches follows chervy (2009).
Mature proglottids were embedded in paraffin and serial cross-sections were cut at a thickness of 8 µm. sections were stained with Harris' haematoxylin, counterstained with eosin, and mounted in canada balsam. in several specimens one bothridium was removed from the scolex and temporarily mounted in glycerine to clearly observe the arrangement of septa and loculi on the distal bothridial surface. sections, whole mounts and temporary mounts were observed and measured with a Zeiss Axioskop microscope. Drawings were made with the aid of a drawing tube. Measurements include the range, followed in parentheses by the mean, standard deviation, number of worms examined (n), and the total number of observations when more than one measurement per worm was taken (n). All measurements are in micrometres unless otherwise stated.
type specimens are deposited at the colección Parasitológica, Museo Argentino de ciencias Naturales, Buenos Aires, Argentina (MAcN-Pa), and at the institute of Parasitology, Academy of Sciences of the Czech Republic, České Budějovice, Czech republic (iPcAs). Additional information and images of each host specimen can be obtained by entering the host specimen number (sF004, sF010, sF011, sF021, sF022, sF029, sF030, sF031, sF032, sF033, sF035, sF036; sF058, sF071) in the host specimen database at https://web2.uconn.edu/tapeworm/ hosts.php.
RESULTS

Rhinebothrium corbatai sp. n.
Figs. 1−3, 7−13, 22−25
Description (based on 9 complete mature specimens and 1 strobila without scolex, cross-sections of 2 strobilae with mature proglottids, and 2 specimens prepared for sEM): Worms euapolytic, 3.3−7.5 (5.1 ± 1.4, n = 9) mm long; greatest width at level of scolex 0.6−1.0 (0.7 ± 0.1, n = 10) mm; proglottids craspedote, 96−190 (128 ± 31, n = 9) per worm, 93−187 (130 ± 32, n = 9) immature proglottids, 2−4 (3.5 ± 0.5, n = 10) mature proglottids ( Fig. 1) . No attached gravid proglottids were seen.
Scolex 410−760 (630 ± 100, n = 9) long composed of 4 stalked, facially loculate bothridia and cephalic peduncle; apical organ absent (Fig. 2) . Scolex proper 300−600 (500 ± 100, n = 10) long. Bothridia 450−750 (659 ± 113, n = 7, n = 8) long, 200−350 (268 ± 5, n = 10, n = 11) wide. Distal bothridial surface divided by median longitudinal septum and 35−37 (36.5 ± 0.5, n = 5) transverse septa delimiting 2 columns of 35−37 (36.0 ± 0.5, n = 5) loculi per column and anterior single loculus, resulting a total of 71−75 (73 ± 1, n = 5) loculi per bothridium. longitudinal septum extending from posterior margin of anteriormost loculus to posterior margin of bothridium. Anteriormost loculus single, 22−27 (24 ± 2, n = 3) long, 17−22 (19 ± 2, n = 3) wide. Posteriormost loculi 25−27 (26 ± 1, n = 3, n = 6) long, 10−13 (12 ± 1, n = 3, n = 6) wide (Figs. 2, 3, 7) . Proximal bothridial surface covered by gladiate spinitriches 0.93−1.19 long, 0.30−0.35 wide at base, 7−8 spinitriches/µm 2 , interspersed with acicular filitriches (Fig. 8) (Fig. 10) . Cephalic peduncle 107−160 (127 ± 18, n = 9) long, 85−130 (109 ± 15, n = 9) wide, covered by acicular filitriches, 0.18−0.21 long, 0.09−0.11 wide at base, 33−39 filitriches/µm 2 . immature proglottids wider than long (Figs. 1, 13 ). Mature proglottids (excluding terminal proglottid) wider than long to longer than wide, 120−235 (177 ± 32, n = 9, n = 22) long, 100−240 (152 ± 36, n = 9, n = 22) wide (velum not included in proglottid length); length to width ratio 0.5−1.9 (1.2 ± 0.3, n = 9, n = 44): 1; velum 5−12 (8 ± 3, n = 9, n = 18) long, covering 1.4−14.9% (4.4 ± 3.4, n = 9, n = 19) of adjacent proglottid. Marginal genital pores alternate irregularly, 45−79% (66 ± 9, n = 9, n = 19) from posterior margin of proglottid.
terminal proglottids mature, longer than wide, 235−370 (299 ± 51, n = 9) long, 90−180 (132 ± 30, n = 9) wide; length to width ratio 1.5−3.3 (2.3 ± 0.5, n = 10, n = 11): 1 (Figs. 1, 22 ). Terminal proglottid covered by acicular filitriches, 0.15−0.20 long, 0.08−0.12 wide at base, 41−44 filitriches/µm 2 ( Fig. 9 ). Testes oval, 3−5 (4 ± 1, n = 9, n = 28) per proglottid, 20−57 (39 ± 10, n = 9, n = 55) long, 15−47 (28 ± 8, n = 9, n = 55) wide, extending from near anterior margin of proglottid to anterior margin of cirrus sac, 1 row deep in cross-section (Figs. 22, 23) . cirrus sac pyriform, curved posteriorly, 50−87 (65 ± 10, n = 9, n = 19) long, 28−57 (41 ± 8, n = 9, n = 19) wide, containing cirrus covered by spinitriches 3 long (Figs. 22, 24) . Vas deferens extending anteriorly from level of Mehlis' gland to level of posteriormost testes on dorsal side of proglottid, entering cirrus sac anteriorly, maximum width 10−12 (12 ± 1, n = 1, n = 3).
Vagina thick-walled, opening anterior to cirrus sac in genital atrium, running along anterior margin of cirrus sac, descending posteriorly to ootype region. ovary lobulated, H-shaped in dorsoventral view (Fig. 22) , tetra-lobed in cross-section at level of ovarian isthmus (Fig. 25) , maximum width 62−127 (90 ± 23, n = 8, n = 18), poral lobe 37−65 (52 ± 10, n = 7, n = 18), aporal lobe slightly longer than poral lobe, 42−75 (58 ± 9, n = 7, n = 18) long. Vitelline follicles oval, 7−15 (11 ± 3, n = 6, n = 18) long, 5−12 (8 ± 3, n = 6, n = 18) wide, distributed in columns of 2 follicles deep (1 dorsal, 1 ventral) on each side of proglottid, interrupted dorsally on poral side at level of terminal genitalia, not interrupted by the ovary (Fig. 22) . Mehlis' gland 20−30 (27 ± 3, n = 3, n = 11) in diameter, posterior to ovarian isthmus. Uterus saccate, visible in mature proglottids; extending to near posterior margin of proglottid and anteriorly to near anterior margin of proglottid. American freshwater stingray (rajiformes, Potamotrygonidae). T y p e l o c a l i t y : Colastiné River, Paraná River basin, Santa Fé, Argentina (31°40′S, 60°46′W). o t h e r l o c a l i t y : coronda river, Paraná river basin, santa Fé, Argentina (31°50′S, 60°49′W). s i t e o f i n f e c t i o n : spiral intestine. P r e v a l e n c e a n d i n t e n s i t y o f i n f e c t i o n : Eight of 37 hosts examined (22%); 1−5 (2) worms per host. No. c-605. Additional specimens (whole mounts, histological sections, and specimens prepared for sEM) retained in the personal collection of Verónica ivanov. E t y m o l o g y : this species is named after "corbata", the Welsh terrier dog of the first author.
Remarks. Among the 41 valid species of Rhinebothrium, R. corbatai most closely resembles 13 species in the genus in possessing more than 95 proglottids per worm (Healy 2006 , reyda 2008 , Menoret and ivanov 2009 . the new species can be distinguished from these as follows: R. corbatai is markedly smaller than R. ceylonicum ship- Menoret, ivanov: two new species of Rhinebothrium ley et Hornell, 1906 , R. chilensis Euzet et carvajal, 1973 , R. ditesticulum Appy et Dailey, 1977 , R. leiblei Euzet et carvajal, 1973 , R. maccallumi linton, 1924 , R. monodi Euzet, 1954 , R. tetralobatum Brooks, 1977 , R. tumidulum (rudolphi, 1819 ), and R. verticillatum (subhapradha, 1955 ) (3.3−7.5 mm long vs. more than 9.6 mm long). Whereas R. hui (tseng, 1933) , R. margaritense Mayes et Brooks, 1981, and R. walga (shipley et Hornell, 1906) have less than 44 loculi per bothridium, R. corbatai has 71−75 loculi. This feature also facilitates the differentiation between R. corbatai and R. euzeti Williams, 1958 , which has more than 78 loculi per bothridium.
Whereas each of the other three valid freshwater Neotropical species of Rhinebothrium are greater than 23 mm in total length, R. corbatai only reaches 7.5 mm in length and it also has fewer proglottids per worm (96−190 vs. more than 456) compared to these other species. in addition, R. corbatai differs from R. copianullum and R. paranaensis in the number of mature proglottids per worm (2−4 vs. more than 23), and in the number of loculi per bothridium (71−75 vs. 78−87 and 65−69, respectively).
Rhinebothrium mistyae sp. n.
Figs. 4−6, 14−21, 26−29
Description (based on 15 complete mature specimens, 1 strobila without scolex, cross-sections of 1 strobila with mature proglottids, and 2 mature specimens prepared for SEM): Worms euapolytic, 20.0−59.9 (37.0 ± 10.6, n = 15) mm long; greatest width at level of scolex 0.8−1.3 (1.0 ± 0.1, n = 15) mm; proglottids craspedote, 353−974 (554 ± 165, n = 15) per worm, 297−925 (528 ± 170, n = 15) immature proglottids, 10−49 (26 ± 14, n = 15) mature proglottids (Fig. 5) .
Scolex 910−1,410 (1,110 ± 200, n = 11) long, composed of 4 stalked, facially loculate bothridia and cephalic peduncle; apical organ absent (Figs. 4, 14) . scolex proper 800−1,300 (1,000 ± 100, n = 15) long. Bothridia 580−1,050 (785 ± 172, n = 11, n = 12) long, 330−680 (460 ± 81, n = 15, n = 24) wide. Distal bothridial surface divided by median longitudinal septum and 37−39 (38 ± 1, n = 7, n = 9) transverse septa, delimiting 2 columns of 37−39 (38 ± 1, n = 7, n = 9) loculi per column and anterior single loculus, resulting in a total of 75−79 (77 ± 2, n = 7, n = 9) loculi per bothridium. Longitudinal septum extending from posterior margin of anteriormost loculus to posterior margin of bothridium. Anteriormost loculus single, 25−30 (28 ± 2, n = 5) long, 15−43 (33 ± 10, n = 5) wide; posteriormost loculi, 22−32 (27 ± 3, n = 4, n = 6) long, 12−14 (14 ± 1, n = 3, n = 4) wide (Figs. 6,  14) . Proximal bothridial surface covered by long gladiate spinitriches (Fig. 15) (Fig. 19) . immature proglottids wider than long (Fig. 5) . Mature proglottids (excluding terminal proglottid) wider than long becoming longer than wide, 122−665 (249 ± 123, n = 16, n = 83) long, 225−627 (361 ± 95, n = 16, n = 83) wide (velum not included in proglottid length); length to width ratio 0.3−2.1 (0.7 ± 0.4, n = 16, n = 83): 1; velum 10−142 (74 ± 38, n = 16, n = 82) long, covering 2−45% (26 ± 13, n = 16, n = 66) of adjacent proglottid. Marginal genital pores alternate irregularly, 44−69% (59 ± 6, n = 8, n = 54) of proglottid length from posterior margin of proglottid.
Majority of terminal mature proglottids longer than wide, 380−805 (554 ± 142, n = 13) long, 215−392 (297 ± 56, n = 13) wide; length to width ratio 0.7−2.8 (1.8 ± 0.5, n = 13): 1; genital pores 60−81% (71 ± 6, n = 10) of proglottid length from posterior margin of proglottid (Figs. 21, 26 ). terminal proglottid covered by acicular filitriches 0.14−0.20 long, 0.09−0.12 wide at base, 54−66 filitriches/µm 2 (Fig. 20) . Testes oval, 4−7 (5 ± 1, n = 16, n = 82) per proglottid, 22−100 (62 ± 14, n = 16, n = 149) long, 18−67 (41 ± 11, n = 16, n = 149) wide; distributed in 2 irregular columns from anterior margin of proglottid to anterior margin of cirrus sac, reaching anterior margin of aporal ovarian lobe in some proglottids (Fig. 26) , 1 row deep in cross-section (Fig. 27) . cirrus sac pyriform, straight to slightly curved posteriorly, 62−200 (138 ± 37, n = 16, n = 88) long, 40−140 (93 ± 25, n = 16, n = 88) wide, containing cirrus covered by spinitriches 2 long (Fig. 26) . Vas deferens extending anteriorly from level of Mehlis' gland to level of posteriormost testes on dorsal side of proglottid, entering cirrus sac anteriorly, 15−37 (26 ± 6, n = 14, n = 44) maximum width (Figs. 26, 29) .
Vagina thick-walled, opening anterior to cirrus in genital atrium, running along anterior margin of cirrus sac, descending posteriorly to ootype region. ovary lobulated, H-shaped in dorsoventral view (Fig. 26) , tetra-lobed in cross-section at level of ovarian isthmus (Fig. 29) , maximum width 150−370 (230 ± 64, n = 15, n = 44), poral lobe 60−285 (134 ± 53, n = 15, n = 44) long, aporal lobe slightly longer than poral lobe 65−330 (151 ± 61, n = 15, n = 44) long. Vitelline follicles oval, 10−45 (25 ± 7, n = 16, n = 122) long, 8−37 (18 ± 7, n = 16, n = 122) wide; distributed in columns, 1−4 follicles deep (1−2 dorsal, 1−2 ventral) at each side of proglottid, interrupted dorsally on poral side at level of terminal genitalia, and not interrupted by the ovary (Figs. 26−29) . Mehlis' gland 27−75 (49 ± 13, n = 10, n = 22) in diameter, posterior to ovarian isthmus. Uterus saccate, visible in mature proglottids, extending to near posterior margin of proglottid and anteriorly to near anterior margin of proglottid. 
Menoret, ivanov: two new species of Rhinebothrium
Setúbal Lagoon (31°32′S, 60°36′W), and Alto Verde (31°39′S, 60°40′W), Paraná River basin, Santa Fé, Argentina. s i t e o f i n f e c t i o n : spiral intestine. P r e v a l e n c e a n d i n t e n s i t y o f i n f e c t i o n : twelve out of 37 hosts examined (34%), 1−6 (2.6) worms per host. s p e c i m e n s d e p o s i t e d : Holotype and 3 paratypes, MACN-Pa No. 516/1−4 (whole worms); 2 paratypes, IPCAS No. c-606. Additional specimens (whole mounts, histological sections, and specimens prepared for sEM) retained in the personal collection of Verónica ivanov. E t y m o l o g y : this species is named after "Misty", the fox terrier dog of the first author.
Remarks. Rhinebothrium mistyae can be readily distinguished from 34 of the 41 valid species of the genus in its possession of a greater number of proglottids per worm (353−974 vs. less than 310). Rhinebothrium mistyae differs from the remaining seven valid Rhinebothrium species (R. ceylonicum, R. euzeti, R. hui tseng, 1933, R. walga, R. copianullum, R. paratrygoni, and R. corbatai) as follows: it has almost twice the number of loculi per bothridium than R. ceylonicum, R. hui, and R. walga (75−79 vs. approximately 40−42) , and it is longer than R. euzeti (20.0−59.9 mm long vs. 5 mm long). Rhinebothrium mistyae has fewer loculi per bothridium than R. copianullum (75−79 vs. 79−87), a smaller cirrus sac (62−202 vs. 280−380 long), and lacks the vaginal sphincter described by reyda (2008) . Both species also differ in the microthrix pattern, particularly on proximal and distal surfaces of bothridia. Whereas in R. mistyae spinitriches and filitriches are uniformly distributed on the proximal and distal bothridial surfaces, spinitriches are lacking from the bothridial rims and at the level of transverse septa on proximal bothridial surfaces of R. copianullum (see reyda 2008). Rhinebothrium mistyae most closely resembles R. paranaense in worm length, number of proglottids per worm, and scolex size; however, R. mistyae has more loculi per bothridium than R. paranaense (75−79 vs. 65−69) , larger spinitriches on the proximal bothridial surface (1.49−1.69 vs. 1.06−1.34 long), and those spinitriches are coniform instead of gladiate as in R. paranaense. in addition, the vas deferens runs posteriorly from the anterior margin of the cirrus sac to the level of Mehlis' gland in R. mistyae (Figs. 26, 29) , but is only seen anterior to the cirrus sac in R. paranaense (fig. 6 in Menoret and Ivanov 2009) .
Given the somewhat superficial nature of the original description and illustrations of R. paratrygoni (see rego and Dias 1976) and the poor condition of type specimens (see reyda 2008), the morphology of this species remains to be confirmed. Based on the scarce information currently available, R. mistyae has a wider strobila (380−805 vs. 300) and a shorter cephalic peduncle (112−350 vs. 750) than R. paratrygoni. Finally, R. mistyae is different from R. corbatai described above from the same host, in being conspicuously longer (20.0−59.9 mm vs. 3.3−7.5 mm), having a greater number of proglottids per worm (353−974 vs. 96−190) , and a greater number of mature proglottids (10−49 vs. 2−4).
DISCUSSION
Freshwater stingrays of the family Potamotrygonidae occur in most south American rivers basins that drain into the Atlantic ocean and caribbean sea, being absent in the são Francisco river, rivers from the Atlantic rainforest of Brazil, and rivers south of the río de la Plata in Argentina (carvalho et al. 2003) . Potamotrygonids are currently represented by 20 species in three genera: the monotypic Paratrygon Duméril and Plesiotrygon rosa, castello et thorson as well as 18 species of Potamotrygon garman (see Froese and Pauly 2011) .
Only five species of Rhinebothrium have been reported from a total of nine species of potamotrygonids: R. copianullum from Paratrygon aiereba (Müller et Henle) in Peru, R. paranaense from Potamotrygon falkneri castex et Maciel, R. mistyae and R. corbatai from P. motoro in Argentina, and R. paratrygoni reported from a total of nine species of freshwater stingrays from a diversity of rivers and basins (e.g. orinoco, Paraguay, Paraná, tocantins, Xingú, Negro, Lower Amazonas) (Brooks and Amato 1992 , Marques 2000 , reyda 2008 , Menoret and ivanov 2009 . However, the morphology of R. paratrygoni is poorly known, therefore identifications and records of R. paratrygoni should be reconsidered. the fact that this species was originally described from an unknown host and that the type specimens are in poor condition (see reyda 2008, Menoret and ivanov 2009), makes a redescription and clarification of its taxonomic status difficult. Unfortunately, many of the voucher specimens on which records of R. paratrygoni from various hosts and localities were based, are not deposited in collections and so are not available for re-examination, comparison with the new species recently described, and perhaps re-identification. As suggested by Reyda (2008) some of the specimens previously identified as belonging to this species could represent new taxonomic entities. in fact, P. motoro has been reported as a host for R. paratrygoni in corumba (Paraguay river) (Brooks and Amato 1992) . in the present study, two species of Rhinebothrium (i.e. R. corbatai and R. mistyae) collected from P. motoro in the same hydrographic basin are shown to be distinct from R. paratrygoni. Also, reyda (2008) reported the presence of an undescribed species of Rhinebothrium, different from R. paratrygoni reported from P. motoro from the Madre de Dios river in southeastern Peru. Brooks and Amato (1992) reported in a host-parasite checklist the presence of R. paratrygoni in P. motoro but did not give information on the morphology of the collected specimens. those specimens might represent the species herein described, or the species reyda (2008) refers to as Rhinebothrium sp. 1, rather than R. paratrygoni. Fur-thermore, records of parasites from species such as P. motoro should be considered with caution according to their geographic distribution, since this host clearly represents a species complex as mentioned by rosa et al. (2008) .
it seems multiple species of Rhinebothrium parasitizing the same host are not rare in freshwater environments. Healy (2006) described three species from a single host species in the Kinabatangan river (Malaysia), reyda (2008) described R. copianullum and mentioned the presence of a second undescribed species in P. aiereba in Peru, and two species were found co-occurring in P. motoro in Argentina in the present study.
considering that records of Rhinebothrium are unequivocal from only 3 of the 20 currently described species of potamotrygonids, and the pattern of high host specificity exhibited by most species in the genus (Healy 2006) , along with the fact that multispecies infections seem to be frequent in this genus, it is expected that more than 20 species of Rhinebothrium are yet to be discovered in the freshwater stingrays of the Neotropical region.
